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Note on Statistical Texture Discrimination

C. l. Chen

1 Sm rRong-.!wang Wu
i i. Summar y

For a given textured image, experimental results on texture feature extraction,

dimensionality reduction, and iterative Bayes classification are reported. The

classification performance is superior to other texture discrimination methods that

have been ecamiued on the same data. While the method presented is recommended as

an effective statistical texture discrimination approach, the large amount of

computation required, especially in feature extraction, can be undesirable in some

applications. Detailed computer program listing is given in the Appendix.

2. Texture Feature Extraction

The image examined is a 64 x 64 textured image described in an earlier report 1].

Because the image size is small, the co-occurrence matrix is computed for distance 1.

The number of 6ray levels is 16. The 16 x 16 co-occurrence matrix P is generated

0 0 0 0[2] for angles 0 = 00. 45 , 90 , and 135° . For each P matrix, we compute the

following four measurements.

S(i) Angular Second Moment

N-1 N-1 2

f, (P )
i=l j1

where N is the number of gray levels and Pi. is an element of matrix P.

(ii) Inertia or Contrast

N-I N-1 Ae.esseo Fo

f 2( J - j)2  NTiS GRA&I t
i=l J=l iDTIC TAB

(iii) Correlation Unrinnounned [
Just if at!e -

N-I N-1 _ _^
f3 a = (J Pij By-

i =1 J lD istri bou tion/ __.-

_Avail-Ab lity Codes
A "A and/or

D iZt 1 Special
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N-I N-I

where .i 1 i PiJ
1=0 J=o

N-I N-i

io J=o

2 N-1 N-1 P(

i--O0 J=o Jj
2 N-1 N-i 2

a I I Pi(j-~
J iJo J=o

N-1 N- i J-3 o Pj +1

(iv) = 4 - N- 1i lo 10  i
(iv - Ii- 13o(Pi + i)

i=0 J=o

Despite the directional effect, we take the average and the maximum difference

of the functional values, as they vary with 0. A set of 8 texture features is

formed as

X = [?1' Afl' ?2' Af2l ?3" Af 3' ih A4h f T

where ? = the value averaged over the four directions 0 = 00
, 45° 90 ° and 135 °

Afi i max - fi min

3. Feature Space Transformation

We now consider the problems of finding the optimum discriminat vectors and

transforming the original feature space to the maximum discriminant feature space.

After the texture features are generated, we choose a set of 25 x 25 learning

feature sets for each class and follow the method developed by Foley and Sni.mon [31

to calculate the first three largest discriminant values (y,, Y2 , & Y3 ) and their

corresponding vectors (dl, d2, & d3 )  By using these three vectors we can tritnsf orm

x from original 8-dimensional feature space into a 3-dimensional maximum

discriminant fea~cure space by

y =Ax

T
where A z [dI, d2 , d is a 3 x 8 matrix

x is an 8 x I feature vector

y is a 3 x 1 feature vector
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Ki  Texture classification

The use of k-NN decision rule suggested by Stark and 0'Toole [4]providedr poor result while requiring an enormous computer time for large number of learning

samples. An iterative Bayes decision rule as proposed in the following is much more

effective. A multivariate Gaussian assumption is made for ,iac class with mean

vectors M. and covariance matrices 4i, i = 1,2. Also let P(wi) be the a priori

probability. The Bayes classification rule is therefore
1 y z-1T Z

(yl ( _ N1) M (y (y _m (y 1.2)

l fill W1

for pixel y in the transformed space. Initially we assume P(hI ) = P(W2 ) 0.5.

After the decision is made for the pixel, and the pixels of itz 5 x 5 neighborhood,

the percentage number of pixels within the 5 x 5 neighborhoc'd classiuied as w. is

used as updated value of P(wi). The procedure is performei it erativel5 to update

P(w)in each iteration.

5. Computer Results

Figure I is the ideal segmentation of the textured image [1]. Fi ,;re 2 is the

result of using the Bayes decision rule with equal L priori probabili (without any

iteration). Figure 3 is the result of one iteration whi.e Fig. 4 is ;-e result of

l, iterations. The convergence is extremely fast 4s it Lakes on.Ly 14 iterations to

provide a low error rate of 1.5625%. In the previous work [1), the use of maximum

a posteriori estimation has an error rate of 3.9 . More recently we have reported

[5] an error rate of 2.05% by using Fisher's linear discriminant and the texture

features of angular second moment, constrast, z.d entropy. Thus the present method

has the lowest error rate. It does require, however, more than twice of the

I
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computation time as compared with the Fish;er's linear discriminant method.

Computation of texture features is most time consuming. In the future when the

co-occurrence matrix computer is developed, the computation time can be greatly

reduced.
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Figure 1

Figure 2
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Figure 4
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Appendix

Computer Program Listing

Note: Feature extraction is performed by File 150,50]

Feature space transformation is performed by Pile CIC (50,501
File ODVI [50,50] and File CQGMP [50,50)

Classification is performed by File CL2 [50,501 File PRIK [50,501



Appendix

Cl FEATURE SEXTRACT ION

YiIMLNrSION o (8, 6-1 ), 1 (64), IT(64)

COMMONq *I, NQ, 1101, LL, IUA (61, 64), P (16, 16), 11, J1, L.1 QM (8). DF (4611

III. FORHIATM( X 'WHICH FFATUR 'THA'T YOU WANT TO CHANGE T-/
I I X, F I RST FVEA*TIJRF, NF, -1 r1 X, SK COND PEATURF. NF-2
2 1 Xi -T HRI-L NFm Al Uk, NF = I X, FI-OURTH H'-'I. tIREh NF-4'~
sAX, 'NF=/'0')
HI-.AUi(6, 112) NF

112 FORMAT(14)
WHITF(6. 113)

I '3 FOPRMAT (IX. 'CHOOSE~ A NF' Ft-*A'tUHR '

11,X, IANGUI.AR -sVCONL' MOMANI kN I NL:- '

:.,IX, IkNTROPY, 110-1,/1 Y, 'JOINI I-OBAP-1 I' YN:U

Ri-YU(, 112)NC
WRlTF(6. 11t)NP, NC

114~~NI 1-OMTt XNI , l- I ,2X N:
Nix, I =1-

C
C

CHANOF ORIGINAL. 2116 I3RAY LFVFL 'ro: 16 GRAY LFVAEI.S

JW.V1NI- I- ILI 3(64, 64, U, INDI-X)

DO 100 1=1,64
RiiAD (3 INUFX ) I '
DOj I 0( J--1.6/4
DJO 100) K- 1, 16

I H-K* 1
IF(IT(J). Lt-*. IL. OR. fIT(J). GOh. IH)Gu "10 100
IUA( I.J)=K

100 CON'l I I\Ik

D I W1 (A1:) LA

102 FORMAT*(1X 4 1612)
T101 C01NT I NLE

PEND FILl- 3

C II L llh I i 0 1' Ak 'I OREL' ORi';IN 1 Iq-l- FAI UhL -
C FACH P) XEL HAS 8 FFATURI-.
C LINI- 521 TO ?12 ARl- ST101&D UOMPRF~iSl-'I FFATURFS,
C FACH PIXE-L HAS MAX. :3 iuIMENSIONS
CI IN- / 10 K '84 ANLl !A'-- 831 ILI :564 (ARk b.I'. L' lfW, 6I*d 4



A2

I1-I

DOi 2 J=2, 6-.3

DO 33 K1=1, 16

DO 4L=l, 4

LL--;(NF-i1 )*4+I-
I4

DO 32A=I, 1'6
DO 3-z df, 16

S2 P (KA K10)=0.

CALL .J(.IN(NC)
4 CON1,INUE

CALL MAXDF
OM (NO -011(NO) /4.

D)6 No .N f1 NQ I

2 CONTIINUE

DO 7 NS=NQ 5 NC41
lNDliX=( I-i)*8+4N8
DO :P N'i= t, 64
i(1N1 )-A(14S. Ni)

WRIl (21 NlquiX)i
7 CONTINUE

WRITE'(A 1 10)I

(:ON'lI 1N1J
CAI L BFLI
CAL.L KXI
END

C

SUB~ROUT I NE GM

I Sl- I 1 -2
DO I I=t,3

JS=J1-2
DO 2 j:,3
Js=JS+1

II Il =IS
JT-JS+l
00 TO 15

12 IT=IS-1
JT=JS'-
Gc I1 1!f

(I0 TO 15
14 IT=VS-1

*JT=JS-1
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1 F(11) (11. 1. OR. Al. GT. 1)G0 TO 2

2=+2
2- ~CONTI NI E
I ~CONTI NUF

DO 6 K=1, 16
DO 6 L=bl 6

6 P (K L ) r(K, L) /C
RF'r'IJHN
END)~-

C J01 -ANGUL.AR S1FCOND MOIIENT
C 10i2 .INER'l IA
'2:103 :COHIRI-IIIION

104 FiN'W RIPY
10t JOIN PROMBI(LITY

c 106. 1 ((-J) **3) *LO6 (P(IJ) I1

COMMOIN NHF NO i N61U 1, L, I DA (64, 6P) F( 16, 16.) 11 , JI , L. M~ Q DI (+16) Al

ourom1P(i, 102 *10:3( 104 10,0))4

102 F2.-0.

DO 21 J=!,16
Il'F(P ( iI J). I.Q.0, )GO TO 21I

F 12=F21+1 ,2*(Ir , J)
21 CONTXMtW

QM(NC)=QM4(NQ4)+IF

00 TO 100j
1023 2:O

DO 2 Jr- I 16

IF(P(Is J). FQ. 0 )GOi TO 21
CJ=JFl O~ J

L'Y UY+CJ*I-(I, 3)
21 CONTINUE



90C2 J1,16'

W(P (1,J.EQ. 0. )GO TO 32

*FC2=CbJ*cj*P,(I-: J)

32 CONTI NUF
Q XS=Q~X S-LIX *LIX
QYS= QYS-UY*UJY
If- (QXS. EU. 0. OR. ). 0. )GO TU 1
LJXY--:IjX*LIY
Q X;=SQF (QXS)
QY=SG!R'f (C-PYs)
Q XY=Q X*QY
DO :3I1 16

DOJ 334 J= 16
C:J=PIOAVT(J- I

IF-(I I J), F G1i. 0. )13C 'I C :31
F 3-3+ (C I *C*P 1, J))

Fa=( FS-UXY )/QXY

10 ~ -~.0
am (Nqc!) -011(NO~) +1. 0

I1VARIANCE' rt01/

(10 TO0-100
504 I4=0.

U0 41 1=1, 16
DO 41 J=1,14,
IF (P ( I J). EQ. 0. )0GO 1 41

F4=F4+P( I.J)*ALOG61O(-( I.J))
GMI ( NQ) k) I (NO)~ +14
DF (LI-) =F
6O TO 100I

105 =O
DO IS1 1=1, 16

1O10 .J=1 16
IF (P(1, J). FEU. 0. cit I 'I0 5)t1

FIJ=FLOA*T( 1I*JJ)
F,1i=F15+F IJ*P ( I, J)

oil 140~)=ilm (140) tCNTNIE1

GO0 TO 1(00
106 F6=0.

DO 61 1=1,i,
Iu-I-I
IU- (61 J=U). I~l 0.o I T
I O 61, J). 1" . A T
JJ=J-1
VIJ=I-LOA*I'1 I-JJ)



VV=FI.J*FIJ
V=VV*FI J
F6=F6+V*AL 06G10(P 1; 1+ i.
00O4',INUE I

01I N ') .,-M(1Q F

NFi NFNQ, NQ1,LLI IDA(64,&'6),P(16, 16$) 11, J1) Li 1I, ADl&1~
REAL -D(6), DCM4

DO 27:- 1, 4

KS, -K+ I
[JO 7 KK:=iKS, 4
11= M+ I

7 l1) =A)4S(WC (K) -1C (KK))
bM.-:D (I)
DO 3, L-2, 6
11 ID.G01%D 0-)GO ro

CONi I Nu

RETrURN
E1ND

r; FILE-$CH

CHOELEARNINi SAMPIES

)MKFINF FILE 2(8L'4,128,UIN)Th.X)
10 WRITF(6. 10) YIXIY
10FORMAT(1X, HAlI NF. IXI, IYI..IXF, IYF'0)

ID=IT-18+1

X1=IXI-1
1)0 1.- ImI1
REAl)(2-"IND.X )F
DO0 1 J=1#IX

1 A(IJ)=F(IXI+J)
L-N1)IJ I-L F-
DELVINE FILh (408, -10, U, II'Dh-X)
)N)3EX=(N-)*200+1
DO0 2 K=1,200
DO0 3 L=1,2~5
R R(L)--A (K, L)

2 CON*[ iLIuL

CALL1 EXIT
END
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iC FILE: ODVlUi0,',nO]

Cri w;t-O.s

c
R EAIW AAL AE OFi) U 8 DIr()SCRMNN (VCeR

C *******************4****" *** 0_0 v**W*****

RITA(6 1)W(~~CL6.si

FORMOTUrX, "SIZE (IF LEARNMO '$4MPI S (N*N)f0'O)

G% FIND MAN Lii tt U~' A1D 11IFFRENCk LIT

002 J-i.N

DO :3 K=lx.S

P O :3 L~ml, N73 CMIT I NUF
2 C01-1NUL 13

DO 5 I~l, 8
)fr(I=U(l4 )-U(2,I1)
MrRTE(i, 34)D*T

c VIND WiTHIN-CLASS SCAICER MATrRIX A AND) ITS INVSKr MATIX
c

IJO 6 I,=1, 2

Do *, J-l,14
Ji=(J-l)*8

~ 114)IEX=Il+JI+l
D0 8 K=1,8
kRiAD( INDI-X)A
DO 83
D(M I -) =At'L)

8 CONTINUE



JJU~ 1~1~ ~~~1A7

D)J1D(K1Nl)-U(1 1 K1
M2=13 L1, N I ) -UQ, L L)-
LWI, KI, L1)=WW(l, K 1, LI)+DD1*DD2

9 CON I INUE
7 ~CONT I NU.

DO 1~5 K2:--,8:
Do Ii L.12=118

-nWVI,(IUK2, L2) =WW (1- X2, £L2) /F:LQAT, 1 N*N)

6- CO NoU

DO 110 KT=1, 8
W I (KS, KT) =WW( 1, KS , KTF

ONTiNUR
DO' 114 Jtzj, 8

116 - W(IIJ)=W I I J) ;-w2 (IJ)

118 FORMA~T(/ /40X~ iW2/ 8(F-1. 4
WRITF (5, 419)W

CAIN ' (WLWHsND)

130 21 I=I,8
DO 2 1 J 1, 8

DO 22 K-11 8
22 StUM=SUM+W I(I, K) *W1 (K, J)

21 CNIU

AL=(O+T 1)** I

DO 26 J=1, !?
ijull=o.

2%.- SUM"=SUM+W(J )*)3T(J),

AO=D DI( I ) I * 1- -.- -



'C I~u'VA YALUV,R-.9

C F=

C

CALL HNV(, HlID SLIT N1)&

,DO30 K=11,8
.0 sum=sUm+W I (-J K) *0OD (K)

T (J) =SUM
250' CON' I NU i

S(1' 1)=SiI

CC ~ m SET ou CO UI E/Al. 1) 0 0 3 AND STORV D"*C OY

DO Il1 1=2 4C(). 7AI

11O 148 J=1.8

148 DV(J, i)=bn(J)

C

D0 40 ND&"4 14
NF-=N)i+l
If-(NRi F-. 1)00 'TO 44

C
c
c FINE ViATRIC: S AND ITS 1NVERHSR MATRIX(

DiO 62 K2=1,8
62 SUII=SUtl+WI(KI. K2)*ODV(W2, ND)

'r(K1 ) "SUM
61 C(JNT INU--

DO 6~3 V,3:1, Nu
SUM=O.
DO 64 K4=1,8

64 SUM=SUM+ObY(K4,1K13) *r(M4
Y(K3)=SUM

63 CLNT INUk
11O 6b Kb-t1,1 4ND

S(ND K5)=Y(K5)

65 CONTINUE
CALL INVEHS(8, SIND) .---



A9

TIN 14",N AlD PTiR T-k -O 0"

fi -14 ND'-

DO 43 J= 1,NDJ
13 S'Um. -UMI+S I UL .J) *Cl- UJ)

-12 CONTINUE
DJO 45 K=I, 8

1-O 46. L= 1 ND
4,6 SUMSUM+C KU)*SN I U)

DSG$'iK) =D 1(,K)SUK--

- DO -4t/--il
SUM= 0.
DO 48 J=3, 8

46 SUM.--UM+W I U j 3MG

U01)cO-U
A7 ooN I

DO 49 1=,!

QVM= )QD( I >ALN

SoODV( INE) O ( )
CON't Ukl-

C
c
C FINE~ "RN"

40 C:ONTI Nik
I NDEX=40 I
DO 51%i I~lI 8

,,6 CONT INUE

CALL BELL
MALL FXlVI*
H'JND
SiULKOU'fI INF H4V(14, OD1 Lfr NF)

DO 1 I=1,8
W 11=8UI'1+O1) (I *E0 r (II DO 2 I1
SUJI=0.
DO 3 J=1,8

3SUMI=SUM+W (1, j*oD (J)
2 1i:U

SIJM,=0.
DO 4 K=1,8

4 -- -SUII=SUM+0OD (K) *T' (K)



AlO

140 FO'RMAT10 X, RN( 1'2, 1iX, ~'F 15. 6~)
RV HR
END
SU1,kOUTINKINVKMRS (S3', ND)
REAL ?d(8 1 8r(.;4
ComMON, sbo8,S,i M1 (a), k2(8) Y(8) CN Nl'N-

DOJ 2 N=2, ND'
Ni=N-i

11 11=i,Ni
Y(I1)=S(N,1 I)
(Al.L STY(SI)
CALL. YTTS(SI)
CAI L COSTl(S)
CALL- LhFT-U(S1)
D 0 3 K=1.N1
DO 3 [-=I,NI

:3 8I 1  [)=SD(K,IJ./CN
110 't I:-1, N I

4 C:ONTINUIE

CONTI NUE
CALL BIELL
NEI UN

SUB~ROU~TINE SIY(SI)
REAL S1(8,8)
COMMON S)(8,S),CM1(8),CM2(8),Y(8).CNNI.N
DO I1 I=1, N1
Sum -0.

2 110 2 J= 1, N1
2 SUM=SUM+SI(I,J)*Y(J)
I ~CMI(1)=SUMI

REURN
-ND

SU1*<0U1 JNhn YTTS(I)
REAL 51 (8,8)

DO 1 I=1 Nl

SUM.
110 "1 J-11141

2 CO'FI INUF
I ~CM2 (I ) SLIM

RF*TURN
END)
SUJ-IR0UJI COST2j~ (S
HirFAL S (8, 8)

-COMIMON 16 8 0 1 8,C'. 8,Y() N !
CN=S(N1 N)
DO 1 I=i,N1

I CN=CN-Y(I)*CMi(I)

N
SULWR U]I INF. LI- F-1 UF (6 I)
REAL SI(E,S)
COMMION SD (8,-8), CM(e), CM (), Y(E),CN, N1, N
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DO 1 J=1, NI

F FI E: COMPE!0, tO)

C TRtANS -OII THE OR 1 CiNAL 1.' OWH ii-l I MFNS I ON 'F %ATUW~ PC
10* N (N I-ESS-FQUAW :3) DIAENSON1'AL MFTUREI sP(E

C

147 FOkMA'r (1 THIE IMENSION OF COMPRESSION ?(MAX. =.3)1/01)
READ (, 1!59)14P

'11,59 FORIAT ( 12 )
DEFINK' FILF 1 (408, t1, Uo I\'DIEX)

2 INIILX=4O1

AIEAD(IIIN RX )F
bOI 11 J=1'#NP
A(I, J)=E(J)

H0N F ILL 1.
DEFINE FILE 2(8641 128,U1 INDEX)
DO 101 I1164

INDEX:-521
DO 102 J=1, 192

10.2 WRI (2" 1NDEX) F
DEr I- 2# 6'

DO 2 Jm1,S
READ(2'IIDIX)I-
DO 3 KI1, 4

2 CONTINUE

DO Ill JJ=1,64
SUM~.

i12 SUM=SUI1-A(KK1 II)*'X(KK,JJ)

Ill CONTINUE

DO I11INP
DJO 4JJ=1564

RITIE2 IND1EX)F
5 ---CONT INUR

hND



c F I L: CL2 L50,50)1

CLA ,$I F 1t-T I ON 4SEGFTAT ION) "

RE~I. F 6A. Y (8,6i1X(2,3225) U(2 3), COV(2, 3,.3), E:"OVI (2.:3,3)F-REAL 1-: (44Y SK(4)'. JA(Bo 64), TMIZ( 2C S4X9' t' DX4~

C D F IFR iINIE h THE ORIGINAL. PO 1NTS OF LHAHN1NC6 SAMPL.Es
C .. THE COMPRESSION DIMENSIONS AN THE BOUNDARY QF, IMAG

DEFIN 003~ (6 4,12 8,U, INDX
4H ITF (6., 10)

kiEAD(6,11)1X(1).1Y(1),IX(2),IY(2)N)j
I1I FoRMAT(C5V3)

IXF1:49e6

I YF 1-2"12

I XF2r:748'

C: IYF2=3o6

C CHOOS~E LKANNQ SAMPLES

C DO I I1.2

IX1=IX( 1)-i
DO 2 J= 1, 1!.:*
KK=(J-1 )*15

DO 3 11
I WDF X:- 1 i+j2 +K
RE(AD(2 INIAX)I-
lDO 3 LA:, It,'

~liKN--KK+L

2 CONT11NUE
C014T INUE

c CAL.CULATE MF(AN *COVARlANCF MATfRIX A.~ND YTS INVERS MATIX.

D.U 21 1;-1, 2
DO 20 M: iI1JID

DO 22 J=1.Nl)
DO 22 K=1. 22b

22 U(I.J)=U(I' J)+X(ll.J, V)



DO 251 M=I, ND A13

11O 28 1=t,2
110 2A .J= 1, 225

DOJ 2b. L=-1, ND

M=11,ND

24- CONINUE

DO 27 lql7r, NU

CN=COV( I,N, Ni)/225

GCov(IN, NI) ):N

27' CON'TINUE
CALL INVERS(SCOV. SCEVI, ND)
W) 2' - N=l, ND

DO 23 11 1 ND
23 COV I XI ,N ,NI)::-SCOV I(N, 11
28 CON74NUR

C FIN\D IHR DFTFRtMINE OF COVARIANCF MATRhIX.

c *.** 1
lF(NRJ EQ. 3)00 TO 4:3
11O 41 I=1).2

'it CV(I)=COV(]. 1. 1)*COJV(I,2,2)-COV(1, 1,2)*COV(I,2. 1)
(30 TO 49

DO 4b KK=lo2
DO 4!5 JJ=1,,^:

DO 4~5 J=i,

G2=0.
DO 46 KK=1,3
K2=KK+l
K3=KK+2

I CiCi+ (L( 1, KKf8*F (2, K2) ) *F( K3)

46 CONTINUE

44 CONTINUE
49 VCV=CV(I)/CV(2)

ALV=AlO.3(VCV)

C CLASSIFICATION, DISP$LAY AND sTOFAGE

CAL

DO 51i I=.'!j6'
INDEX=(I-1 )*3,J+52i
DO *.2 J=IND
READ(2' INDEX)F
]JC '50 K=1, 4

CONr I NIJ



DO 53 L=1, 2
110 ti5 J=.1, ND
SLII'1=0.
Dr. 36 K=1, ND

t;6 SLIM,,LMCOV I(L, J, K)*XM (L,)
TM (L' J) =SUM
CONT I N!Jr-

XVX (L) =..JJM

11 DOM I =0.-

YY k.A". 0F.O)GO I 6
DA (M;=1.4

X=0 T (3)

COIf L11IN4UE 5 YY

ft:iLL. -LA(I

L- COTRI NION

CALL. NEW-LL

DO 500 MI=11 16'1 WRITI-'(6, 501 )MI
A 501 VhMAI ( aCX, 1'l LHO I IOW, VLj

1NIIkX=/22
UO 201 1=1,~
R'ED(2' INIKX)F
DO 202 J=1,64

202 CA(I,J)=F(J)
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